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The mesmes of Guphaidm can be obtained in several wsys. If ● Cepbeid
luminosity is known from membership in ● 8clmctic cluster, the
mans-luminosity relation obtained from stellar evolution theozy ujvet
its mass. Thin evolution ❑ ass depend- slithtly on the composition, that
is, the mass fraction of helium, Y, ●nd on the the msss fraction of ●ll
the heavier ●lementn, Z, bu~ ● m we shall ●ee later, the composition
dependence im small.

A mass of ● Cephaid that ., baaed entirely on pulsation theoq im called
the pulsation ¤an~, Here the needed oboexwation~ ●re: the luminosity,
the color (slvirIsa surface effective temperature by uze of ● conversion
formula), and the aasily obae~ed pulsstion period. In thio report the
obsem-d period is ssoumed to ●lway~ be the fundamental mode for the
classical Ccphaidr. The mass, H, the pulsation constant, Q, ●nd the
radius, R, ●re unknowm that are solved for uming the three equations

L = &?rR2uTa4 , Q = P(ti/R3)1’2 ) ●nd Q ■ Q(M,R,L,TC) .

Thone ●qumtionn ● re: the definition of the ●ffoctive temperature, the
~poriod-meandenmity relation, ●nd an expression fitting the pulsation
th-ory VSIIAF,Sfor the pulsation constant Q obtained from ● larte number
of models covarins ● lar8e rangm of ●tellar parawatcrs.

A third mass can b. derived ba~ed on both ●volution ●nd pulmation
thooric?. 7ho roquircd obrsxwstions ●ra only the well determined period
~aad a surf~co effective ttmperatura. Tho ●bove three ●quationo, plum the
‘avolutionmass-lumino~ity relation, ●ro umad to simultaneously solve for
Itho UDhOWM, H, R, L, ●nd Q. Due to the stron~ influanco of ths

‘tvolntionthaory mam--luminonity ralstion for the theoretical maas, this
●rnsts~raom to within ● fow % with th~ ●volution ●*SS for ●lmo-t ●ll
Copheids. The major valuo of the theoretical mass is its ●vailability
w!mn ● luminosity has not bem obmemod, ●nd on. cannot #@t ●n ●volution
MOM.

Theso threa masbon havo bmsn c~lculatod for 29 Cophoidm roccntly li-tod
!b~ y ?ornia ●nd llcGonagal(1983). Tha lumino-itits of thoso Cophsids have
bean uniformly mot by ssDumin8 ● distanco moduluo of 3.29 for tho Hyadem

clussor. Tabla 1 sivas our ●volition} thaoratical, ●nd pul~ation msns-c.
:@~t0,411~ ?ic(lonostl$avo sug8asttd that CO V-1 ●nd WI1O Can ●r~ not in
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the cluster ●m •up~med~. ●nd”thete~o~ ’tbei~ltminomitiem ●re — .– - .
incorrectly Lt=ted. Due t- the large discrepancy between the evolution
●nd pulmation mar-es for V Cen, OY 13ge,●nd S Vul, we have rejected tlmrl
●180. We fi”nd’bnlys small difference between the manses for TW Nor,
●nd therefore we do not reject this Cepheid ●ven thouah there is ●

Icluster Hbermhip question ●bout it. The ratios of these masses

relative to the theoretical masmes ●verage to the values ●t the bottom
of the ●volution ●nd pulsstion mass columns. The usual scatter in the
pulsation mammem in prement, but on the ●verage, the masses seem in
accord with evolution theoq,

‘Table 2 gives similar results with only the dintance ●csle to the Hyadeu
:changad to 3.45, .aralm recently ●u8gemted by Vandenberg ●nd Brid8ea
(1984). With the increamed luminosities, evolution rnsssesincrease s
bit, while the luminosity-independmt theoretical massem reuain unchang-
●d. However~ pulsation =amoem ● re greatly increased ●O that the ●verage
is about 1.22 ●bove the theoretical masaeu. For both thene table- we
have converted the dereddened (B-V) colors to effective tempernturem by
use of the Kraft (1961) formuls. As diacuased by Cox (1979) ●nd rnsny
others such ●t Pel (1978) these temperatures may need to be cooled by
0.01 to 0.03 in log T . That would greatly ●llaviate the ■ ass discrep#ln-
qy. It ●ppears that ●edimtance scald which has the Hydade dimtance
~dulun ●t 3.45 18 too lar8e, but part of the chan8e from the currently
used 3,29 ■ay be ●cceptable from the viewpoint of Cepheid masses.

Other recent data on Cepheid luminosities have baen prepared for
publication by Schmidt (1984). Table 3 showJ ●t the top section the
●volition, theoretical, ●nd puloation masses fox 7 Cephaids usias his
luminooitien snd dereddened colors, The pulsation mamsea ●re ●O low that
far conventional compooitionm, stars would not ●volve into the
instability ntr?p. The possible cooling of the temperature scale i-
invemtigatod in the ●econd section, Ev;n though we-have reduced the log
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. T by only O.01;.it ?im’g}pardnt xh~t ‘ti~d.t~an‘three.timem .thi@-amom~.;
.i~ needed to reconcile Schmidt’- low pulsation masae-. With the use of
,the 8ecker, Iben ●nd Tuggle (1977) fits for the second crossing

\

~1-inosities’”as-h’”function of cmporition ●nd masn, we give the lower i
Itwo ●ections for, respectively, hi8her Y ●nd lower Z. These extreme I
c~omition chan8en for population I Cepheids do not lower the ●volutioL
masses ●nougb to match the Schmidt pulsation masses. We feel that his
luinositie 7 ●re very much too 10W.

Anomaloua Cepheid# have periode like RR Lyrae variable-, but they are
ty~icslly 5 times more luminous. Zinn ●nd King (1982) have proposed that
variable V19 in NW 5456 mt 0.82 day im pulsating in the first radial
riwartonemode, but even with that mode, its ● ans i- ●bout 1.4 Ha. Thin

‘im surprising for

Table
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population II stsr because it im believed that stars

P(d) T.(u)
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_ more ■asnive thin ‘dkwt ;9.’8;H sk~ld %ati ‘long ●go died. .Wehere_ _. .
confirm the proposal that thi? star is the result of ● coslemcence of
,two start in m binary ●ystem that had ●n initial separation roller than
the red giant hdius of the ●ore -ssive ●tar. II

I
lFig~re 1 gi~e~ the ~rk done ~ each of tie 195 Zonem over each
pulsation cycle to cause pulsation- in ●ach of the three lowest radial
modem. The mass used for thim nonadiabatic pulsation ●nalymim ia 1.4 Ha,
●nd the luminosity im the observed 257 nuns. The typical population 11
composition used 18 the King Ia table with 2=0.001. Here ●t 7500K,
,hotter than NM 5466 Vi’),●ll ~des are stable because the radiative
demping of the interior (lower cone ❑umber) hyerm ia treater than the
%ydrogen ●nd helium driving in the murface layer-.

Figure 2 gives the ●= plot for the ●ffective temperature of 6500K. In
thim came it im ●pparent thst the firmt ●nd ~econd overtone modes ●re
driven more than they ●re damped, ●nd linear ~aeory predictm growing
pulmationm. Actumlly the firmt overtone iu driven the strongest, ●nd ●t
the observed ●ffective temperature of 7000K, probably only the fir-t
overtone is unstable to pulsations.

Fig. 1. The work per pulmation
cycle to drive pulaationm in ● NGC

,5466 V19 model at 7500K in plotted
for each of the 19S zones.
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Fig. 2. The work per pulsation
cycle to drive pulmationm in a
NGC 5466 V19 model ●t 6500K is

plotted for Each of the 195 zonem.
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